Abstract
Introduction
With the development of engineering systems, nowadays the systems are getting more and more complex and large. To control these systems, it is essential to solve not only conventional problems, such as nonlinearity, but also additional problems such as: high dimensionality, unmodeled dynamics, and uncertain or unknown disturbances. Because of these problems, a decentralized control technique is more feasible than the centralized control one. The advantage of decentralized control is to use local signals at the level of each subsystem in the controller implementation for large-scale interconnected systems, and this therefore overcomes the limitations of the traditional centralized control. Therefore, many decentralised adaptive control schemes have been proposed for various large-scale systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The works in [1] investigated stabilization problems for interconnected systems without a priori knowledge of subsystems' high-frequency gain signs. The authors of [2] proposed a decentralised adaptive output-feedback control scheme for large-scale systems with three types of uncertainties, including parametric uncertainties, nonlinear uncertain interactions and stochastic inverse dynamics. In [3] a new totally decentralized adaptive output tracking scheme was developed for a class of mismatched uncertain interconnected systems by using a backstepping approach. In [4] , the problem of decentralised output-feedback stabilization was presented for a class of large-scale high-order stochastic non-linear systems. The problem of robust decentralized adaptive output feedback stabilization for a class of interconnected systems with dynamic input and output interactions was considered in [5] . In [6] , the decentralised adaptive identifier was proposed to design the decentralised L 1 adaptive control scheme for a class of interconnected systems. In order to stabilize a class of nonlinear interconnected systems with matched uncertainties, the authors [7] proposed a new decentralized dynamic output feedback based linear controller. In [8] , a decentralized adaptive approximation design was presented for the fault tolerant control of a class interconnected feedback linearizable nonlinear systems. More recently, the controller design for a class of stochastic interconnected systems with both parametric uncertainties and unknown nonlinear interactions was presented in [9] . In [10] , based on fuzzy system, a decentralized fuzzy control problem was developed for asymptotic stabilization of a class of nonlinear large scale systems that used an observer-based output-feedback scheme. As a result, the closed-loop of large-scale systems driven by the proposed decentralized adaptive control scheme is asymptotical stable. However, it should be noted that most of the existing results for large-scale systems are required to have a special structure [1] [2] [3] [4] [5] . In addition, these approaches given in [6] [7] [8] [9] [10] cannot be directly applied for large scale systems with mismatched parameter uncertainties in the state matrix of each isolated subsystem and unknown exogenous disturbance.
In this paper, a modified sliding mode control is proposed to stabilize a class of largescale systems with mismatched uncertainties, unknown exogenous disturbance and without the measurements of the states. The first, sufficient conditions in the term of LMI are derived such that the system in the sliding mode dynamics is asymptotically stable. Then, a modified adaptive sliding mode control law is proposed to guarantee the finite time reachability of the system states by using output feedback only. Finally, a numerical example is used to demonstrate the efficacy on the method
Problem Formulation
In this paper, we investigate a class of interconnected systems consisting of L interconnected subsystems modelled as below 
The exogenous disturbance ( , ) ii G t x is assumed to be bounded by an rorder polynomial of the norm of the output variables Second, we will need the following lemmas.
Lemma 1 [11] : Let X , Y and F are real matrices of suitable dimension with T F F I  then, for any scalar 0   , the following matrix inequality holds: [12] : The following matrix inequality:
Lemma 3 [13] : Let X and Y are real matrices of suitable dimension then, for any scalar 0   , the following matrix inequality holds:
Stability Analysis of Sliding Mode Dynamics
Under Assumption 2, it follows from equations (11), (12) and (13) of paper [14] that there exists a coordinate transformation
where 12 1 3 4 then the first equation of (2) can be rewritten as
Obviously, the system (3) represents the sliding-motion dynamic of the system (2), and hence, the composite sliding surface for the interconnected systems (2) can be chosen as follows
where (3)- (4), the sliding mode dynamics of system (1) associated with the sliding surface (5) is described by 
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Obviously, (15) is a reduced order interconnected system composed of L subsystems with dimension ii nm  . Next, a stability result will be presented for the interconnected system (6).
Theorem 1:
Consider the sliding mode dynamics given by equation (6) . Under assumptions 1-3, the sliding motion is asymptotically stable if there exists a matrix 0 i P  satisfying the following LMI 
Proof: Now we are going to prove the sliding mode dynamics given by equation (6) is asymptotically stable. For system (6) , consider the Lyapunov function candidate 11 1
where the matrix
 is defined in LMI (7). Then, taking the time derivative of V along the state trajectories of the sliding mode dynamics (6), we can obtain that
Applying Lemma 1 to equation (9), it is easy to get that
where the scalar 0 i   . By Lemma 3, it follows that for any ˆ0
From property
In addition, using Lemma 2, the LMI (7) is equivalent to the following inequalities
and
It follows from equations (13) and (15) 
The inequality (16) shows that if LMI (7) holds, which further implies that the sliding motion (6) is asymptotically stable.  Remark 1: Theorem 1 provides a new existence condition of the sliding surface in terms of strict LMI, which can be easily worked out using LMI Toolbox in Matlab.
Decentralized Adaptive Output Feedback Sliding Mode Control
The objective is now to design a decentralized output feedback sliding mode control such that that the state trajectories of system (1) reach the sliding surface (5) in finite time and stay on it thereafter. In order to satisfy the above aims, the modified sliding mode controller is selected to be
where the scalars 0
. The adaptive law is defined as: Then, we derive the following theorem to prove the state trajectories of system (3)- (4) (5), we can obtain that
Substituting equation (4) 
Using (22) 19   2  3  2  1  1  4  2  2  2  2 2  11   1  2  3  1  4  2  2  2  1 1  1 1  1 1 [(
1( )
From the fact that
, we obtain [(
In addition, the equation (6) implies that
According to equations (25) and (26), we can get that 
Substituting equations (17)-(19) into equation (27), it is clearly that
Clearly, we have 1 0.
The above inequality implies that the state trajectories of system (3)- (4) 
Numerical Example
To verify the effectiveness of the proposed decentralized adaptive SMC law, we consider a double-inverted pendulums system connected by a spring [10] and composed of two subsystems: The first subsystem's dynamics are given as 
